A relatively expanded and largely complete upper Paleocene to lower Oligocene sequence was recovered from the pelagic cap overlying Allison Guyot, Mid-Pacific Mountains. The sequence consists of calcareous ooze with a high planktonic foraminifer content. Two separate holes (865B and 865C) were drilled with the advanced piston coring system. Samples from these holes have been the target of intensive calcareous nannofossil biostratigraphic investigations. Calcareous nannofossils are moderately well preserved and diverse throughout the sequence recovered, which extends from nannofossil Zone CP3 to CPI 6. Our data show that unconformities occur in the uppermost lower Eocene and at the Eocene/Oligocene boundary, correlating to part of Zones CPU and CP 12 and Zones CP 15 and CP 16, respectively. Most traditional zonal markers are present; however, the rarity of several of them, particularly discoasters, and the overgrowth of others, including species of Tribrachiatus, in the uppermost Paleocene and lower Eocene makes zonal subdivision of part of this sequence difficult. For this reason, more attention has been paid to establishing the precise ranges of nonzonal taxa. We were able to determine 142 zonal and nonzonal events in the Paleogene section by intensively sampling both holes (1-5 samples in each core section). Sample density increased toward the Paleocene/Eocene boundary. Although the events are spread fairly evenly throughout the section, some of the most dramatic turnover occurs in the boundary and early Eocene interval. Currently unobserved gradational forms in nannofossil lineages indicate that parts of this sequence are more expanded than any other yet recovered. Plate reconstructions show that Site 865 was close to the equator at the time Paleogene sediments were deposited. The near completeness, expansion, paleolocation, and shallow burial depth of this sequence render it an ideal low-latitude Paleogene reference section.
INTRODUCTION
Increasing interest is being shown in the record of Paleogene climate change contained in cores of deep-sea sediments (e.g., Stott and Zachos, 1991) . This time period witnessed some fairly long-term fluctuations in temperatures (e.g., Shackleton and Kennett, 1975; Savin, 1977) , as well as some of the most dramatic changes in the marine microinvertebrate record close to the Paleocene/Eocene and Eocene/Oligocene boundaries (Prothero and Berggren, 1992 , and references therein). Expanded and complete deep-sea records of the Paleogene are rare. In many places, sediments of this age are buried deeply enough to have experienced significant diagenetic alteration, which changes original isotopic signatures and deteriorates the record of important biostratigraphic markers. The abundance of chert in many Eocene deep-sea carbonates (e.g., Pisciotto, 1981) has greatly reduced rates of recovery in drilling.
Because of the paucity of good Paleogene records, numerous uncertainties still exist concerning the detailed biostratigraphy of this interval. Even though the original zonations of both planktonic foraminifers (e.g., Blow, 1969) and calcareous nannofossils (Martini, 1971; Bukry, 1973 Bukry, , 1975a Bukry, , 1975b Okada and Bukry, 1980 ) have proven to be widely applicable, the detailed stratigraphy of nonmarker species can be improved. Resolution of Paleogene biostratigraphies of both groups, therefore, lags significantly behind that of the Neogene and, in the case of the calcareous nannofossils, even that of parts of the Cretaceous (Moore and Romine, 1981; Bralower et al., 1993) . The Paleogene is an interval of high species diversity nonetheless (Haq, 1973) , and the potential for increased biostratigraphic resolution is good.
Recent Ocean Drilling Program (ODP) cruises in high southern latitude sites, ranging from Maud Rise in the Weddell Sea to the Kerguelen Plateau in the Indian Ocean, have recovered several good Paleogene sequences that have been the targets of a host of biostratigraphic and paleoceanographic investigations (see summaries in Wei [1992] and Zachos et al. [1993] ). These studies have quickly advanced our knowledge of Paleogene paleoceanography. The relative lack of record is nowhere more apparent than in the Pacific Ocean, where only one good sequence exists. A pelagic section spanning the early Paleogene was recovered at Deep Sea Drilling Project (DSDP) Site 577 on the Shatsky Rise (Heath et al., 1985) . This sequence has been the subject of detailed biostratigraphic (Monechi, 1985; Pak and Miller, 1992) and isotopic (e.g., Miller et al., 1987) investigations. The section recovered at Site 577 is almost complete, but it possesses a number of condensed intervals and minor unconformities, particularly in the lower Eocene. Deposited at a paleolatitude close to 20°N, this sequence is almost the only record for conditions in the Paleogene tropical Pacific Ocean. The potential significance of the Paleogene section in the pelagic cap of Allison Guyot was readily apparent, therefore.
The major objective of Leg 143 was to investigate the evolution and ultimate demise of carbonate platforms in the middle Cretaceous Pacific Ocean. Site 865 was located near the top of Allison Guyot, at a water depth of 1530 m in the Mid-Pacific Mountains at 18°26'N, 179°33'W (Fig. 1) . The first hole (865A) was rotary drilled, penetrating the pelagic cap and about 700 m of Cretaceous shallow-water carbonates . Because of the likely significance of the Paleogene section recovered in Hole 865A, two additional holes (865B and 865C) were drilled with the advanced hydraulic piston corer (APC) and the extended core barrel (XCB).
The pelagic cap of a guyot is a most unlikely place to recover a sequence of any age that is relatively expanded and approaches stratigraphic completeness. Sediments deposited in such a hydrographic setting are bound to have experienced winnowing by bottom currents at the time of deposition and shortly thereafter. The effects of this activity are clearly seen in the seismic sections and the bottom photographs (Lonsdale et al., 1972) as well as in the sedimentology of cores collected from guyots. Indeed, the sediments recovered from the pelagic cap at Site 865 have anomalous enrichments of planktonic foraminifers over smaller particles including calcareous nannofossils, and a resulting sandy texture. Because of their high porosity (60%-80%), these sediments were watery, which presented significant problems in handling (particularly in cutting) the cores. Owing to the use of water in drilling, sediments from rotary-drilled Hole 865A were in far worse condition than those in the other two holes. The potential problems of seafloor reworking and shipboard contamination have been monitored closely in biostratigraphic investigation. Clearly, a bonus of recovering Paleogene sediments at such shallow burial depths is that the preservation of microfossils, especially planktonic foraminifers, is superb.
The preliminary biostratigraphy of Hole 865A is described in Sager, Winterer, Firth, et al. (1993) and is not discussed any further here. The present paper discusses the calcareous nannofossil biostratigraphy of Holes 865B and 865C. Several traditionally used Paleogene zonal markers are absent or rare in sediments at Site 865. Other markers are overgrown to the point that establishing their ranges precisely is difficult, if not impossible. Similar problems have been encountered in other Paleogene sequences (e.g., Monechi, 1985) . One of the major goals of this investigation, therefore, was to establish in detail the stratigraphic ranges of more than 100 potential secondary markers. Because of the rarity and scattered occurrence of many of these markers, accurately establishing their ranges requires collection of a closely spaced sample set and preparation of thick smear slides. The scheme presented here is a first attempt at such a relatively high-resolution Paleogene nannofossil biostratigraphy. It is clear, however, that before such a scheme can become widely applicable, it must be compared in detail with the results of similarly intensive investigations in other sections from a variety of different latitudes, ocean basins, and settings. In addition, the taxonomy of Paleogene calcareous nannofossils suffers from numerous problems. In particular, definitions of certain species vary significantly among different biostratigraphers, and the need for quantitative biometric investigations of individual species and lineages is obvious (e.g., Wei, 1992) . Such taxonomic problems lessen the precision of correlation among the most important Paleogene sequences.
METHODS AND PROCEDURES
This biostratigraphic investigation is based on observing one to five samples in each core section. The number of samples observed was higher in the Paleocene to lower Eocene sequence and lower in the middle Eocene to lower Oligocene one. Increasing the number of samples observed led to a significant increase in the precision with which many biostratigraphic events could be determined. This is because the occurrences of these species are so patchy near their first (FOs) and last (LOs) occurrences that minor sample-to-sample fluctuations in the abundances of these taxa often influenced whether none or one or two specimens were observed. Therefore, our approach has been to look at a large number of samples to infer the total range of a taxon, and then to fill the gaps in its range, based on subsequent observations. The combination of stratigraphies from two separate holes (865B and 865C) also helped establish the ranges of these rare taxa. Because they were drilled so close together, the meter levels of most events in the two holes turned out to be similar. Fluctuations in abundance and sample location might have initially resulted in a more extended range in one hole. Consequent observation in the corresponding meter range in the other hole usually led to an extension of the same range. Special attention was paid to samples in important stratigraphic intervals, especially toward the ends of species ranges. Where critical, additional samples were inserted to attempt to separate the levels of events that lie in close proximity. All investigations were made on dense smear slides to observe the occurrences of rare taxa.
Certain groups of nannofossils, particularly the discoasters, proved to be difficult to study, owing to a combination of taxonomic and preservational factors. In the case of taxa having little proven biostratigraphic usefulness (e.g., the genus Pontosphaera), species were combined. Because the ranges of many species are sensitive to the concepts used, taxonomic discussions of most markers are provided in the Appendix. For most taxa, we tried to use generally accepted taxonomic concepts, especially where these were described in comprehensive syntheses (Aubry, 1984 (Aubry, , 1988 (Aubry, , 1989 (Aubry, , 1990 Perch-Nielsen, 1985) . In addition, many of the markers are illustrated in Plates 1 through 14.
Biostratigraphic investigations were conducted in the light microscope with 1250× magnification. Each slide was observed in crosspolarized and phase-contrast light to detect species more discernible under each illumination. Most samples were observed on three to four separate occasions for an average of 10-20 min. A greater amount of time was devoted to samples close to the ends of species' ranges and especially near zonal boundaries, where sometimes samples were observed for several hours. The relative abundance of nannofossils was determined in the following fashion: a species was termed abundant if, on average, more than 10 specimens could be observed in a field of view at 1250× magnification; common if 1-9 specimens could be observed in each field; few if 1-9 specimens could be observed in every 10 fields of view; and rare if, on average, 1 specimen could not be observed in 10 fields. Scanning electron microscopy, using a Leica Stereoscan 440 SEM in the Geology Department of the University of North Carolina, Chapel Hill, was used to document the preservation of assemblages and clarify particular taxonomic concepts.
RESULTS
A list of the calcareous nannofossil taxa observed is given in the Appendix, along with detailed information related to identification and differential diagnosis. Plates 1 through 14 illustrate significant markers and other taxa observed in Holes 865B and 865C. Range charts showing the distribution of all species observed are presented in Tables 1 and 2 (back pocket) .
Preservation
Calcareous nannofossil preservation is uniformly moderate throughout the Paleogene section recovered in Holes 865B and 865C. Most samples show signs of slight etching and moderate overgrowth. Etching has removed delicate features from several species, for example the central area of many Toweius or the net of most Reticulofenestra. Overgrowth has masked whole specimens, making it difficult to distinguish consistently between species of Nannotetrina, for example, to positively identify species of Tribrachiatus, or to discern features such as the knobs and ridges of discoasters. In terms of the parameters described by Roth (1978) , most samples lie between E-1 and E-2 and near O-2. A few samples distributed randomly through the section have good preservation. In addition, one interval between 79 and 83 m in both holes is characterized by slightly poorer preservation, dramatically lower abundances, and large amounts of bladed calcite crystals of an unknown origin. The paucity of nannofossils in this interval significantly reduces the precision with which several events can be determined. Examples include the last occurrence (LO) of Toweius eminens and the first occurrence (F0) of Chiasmolithus grandis.
Biostratigraphy
In both holes, the Paleogene sequence underlies a thin, 15-m veneer of lower Miocene and Quaternary sediments. A thin, 2-to 3-m interval of late Oligocene age (Zone CPI9) occurs in Hole 865C, but not in Hole 865B (Sager, Winterer, Firth, et al., 1993 ). It appears that a minor unconformity lies at the Eocene/Oligocene boundary in both Holes 865B and 865C; this is indicated by the clustering of three events, the LOs of Calcidiscus protoannulus, Discoaster barbadiensis, and D. saipanensis at the same level in both holes. The former event is separated from the latter two events by 1.5 m.y. in South Atlantic DSDP sites (Backman, 1987) . The largely continuous part of the Paleogene section ranges in age from late Eocene to early Paleocene. A minor unconformity occurs in the uppermost lower Eocene correlating to parts of Zones CPU and CP 12. The lower middle Eocene interval was deposited at low sedimentation rates.
Application of Standard Paleogene Zonations
The standard zonation of Bukry (1973 Bukry ( , 1975b , emended by Okada and Bukry (1980) , was developed in low-latitude oceanic sections. Hence, this has been the scheme that was primarily applied here. In the following, we refer to the combination of these schemes as OB80. In general, OB80 was not as applicable at Site 865 as might be expected. Several of the important boundary marker taxa were not observed. The zonation of Martini (1971) (referred to in the following as M71), on the other hand, was established in land sequences largely from the continents. This scheme was only slightly less applicable than OB80. The correlation of the OB80 and M71 zones in Holes 865B and 865C are illustrated in Figures 4 through 8 and compiled in Table 3 . In the following, we discuss the application of the OB 80 scheme at Site 865. The intervals given for the ranges of zonal units are based on the suite of samples observed (Tables 1-2 , back pocket). 8H-5, 70 8H-5, 70 8H-6, 20 8H-6, 20 8H-6, 20 8H-6, 20 8H-6, 20 8H-CC 8H-CC 8H-CC 9H-1, 13 9H-1, 113 9H-1, 113 9H-2, 20 9H-2, 100 9H-2, 100 9H-4, 10 9H-4, 10 9H-4, 10 9H-4, 10 9H-4, 100 9H-4, 100 9H-4, 100 9H-5, 70 9H-6, 20 9H-6, 20 9H-6, 20 9H-6, 70 9H-6, 70 9H-6,70 9H-6, 70 9H-6, applied for D. sublodoensis (see Appendix for discussion). However, there appears to be an unconformity in the lower part of this zone. This has been determined from the coincidence of the F0 of D. sublodoensis and the LO of Tribrachiatus orthostylus, events that define the upper and lower boundary of Zone NP13 of Martini (1971) . Where Zone NP13 is complete, these events are separated by 4-15 m (Table 4) . Interestingly, the unconformity corresponds to an interval impoverished in calcareous nannofossils and enriched in diagenetic bladed calcite, possibly as a result of seafloor dissolution. Another possible unconformity lies in Subzone CPI2b (see below). Figure 4 . Calcareous nannofossil biostratigraphic summary of the middle Eocene to Oligocene interval of Holes 865B and 865C. Illustrated are the sub-bottom depth (meters below sea floor), recovery and core numbers in Holes 865B and 865C, lithology, interval of zonal units of Martini (1971) and Bukry (1973 Bukry ( , 1975b , depths of zonal (bold) and nonzonal biohorizons, and age. The depths of biohorizons and zonal boundaries are averages determined from Holes 865B and 865C; excluded are events affected by core breaks in one hole. Where events are clustered in an interval, depths have been slightly adjusted for legibility. Dashed zonal boundaries indicate indirect correlation, boundaries shown in bold indicate unconformities.
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Hole865C: 143-865C-10H-3, 10 cm, to -10H-1, 10 cm Comments: C. crαssus is fairly rare in both holes, especially when compared with other sites (e.g., Site 577; Monechi, 1985) , and we have observed more gradation between this species and C. pelαgicus than previously reported and described (see Appendix). There appears to be an unconformity in the top part of this zone (see discussion for Zone CP12).
CP10 Tribrachiatus orthostylus Zone
Definition: Interval from the F0 of D. lodoensis to the F0 of C. Comments: See comments for Zone CPI 1. We observed forms of D. lodoensis having rays numbering from five to eight. We included only forms having five to seven rays in this taxon (e.g., Aubry, 1984) . (Table 2) ; however, we classified these specimens as D. cf. D. diastypus, as a result of slight taxonomic differences (see Appendix). The base of this zone has typically been placed close to or at the Paleocene/ Eocene boundary (e.g., Bukry, 1973; Berggren et al., 1985) . As originally defined, however, the base of Zone CP9 was placed at the F0 of T. contortus, an event that lies clearly above the Paleocene/Eocene boundary in most sequences (e.g., Pospichal and Wise, 1990) . For this reason, the base of this zone has sometimes been redefined by the F0 of T. bramlettei, the event that often has been used to define the Paleocene/Eocene boundary (e.g., Pospichal and Wise, 1990) . We follow this latter definition here. Identification of T. bramlettei and T. contortus in overgrown material represents a significant problem, one that has been previously addressed by Hekel (1968) . We discuss this issue in depth in the Appendix. In short, we observed forms that theoretically could be overgrown specimens of T. bramlettei and T. contortus, although the possibility exists that they are specimens of the ancestral taxon, Rhombaster cuspis. Our determination of the base of this zone and the Paleocene/ Eocene boundary (e.g., Figs. 6-7), therefore, must be viewed with considerable caution. In addition, as these taxa are rare, the precision with which their first (or last) occurrences can be detected may not be that high. See comments about D. lodoensis for Zone CP 10. The base of this zone cannot be defined because the FO of the nominate taxon lies much higher in the section in both holes (Table 3 ). The F0 of E. macellus is a highly diachronous event. This issue was discussed in detail by , who found that this event at Site 577 lay in an unconformity separating at least part of Zones NPöand NP7. Our results (Table 3 and Fig. 8 ) concur with this. The F0 of E. macellus lies in the middle of the range of Heliolithus kleinpellii in Hole 865B, below the F0 of Discoaster mohleri (i.e., within Zone NP6). In Hole 865C, this event lies within a coring gap; the relative timing of this event, therefore, cannot be determined accurately. Nonetheless, as suggested by , the base of Zone NP4 (CP3) should be defined by alternative markers in the tropical Pacific, probably the FO of Sphenolithus, which lies close to this event in other sites (e.g., DSDP Site 577). Thus, we assume that the lowermost interval lies in Zone CP3, because of the presence of Sphenolithus moriformis throughout the lowermost interval of both holes.
CP9 Discoaster diastypus Zone
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Application of the Martini (1971) Zonation
Several of Martini's (1971; M71) zones have similar definitions for their upper or lower boundaries (Figs. 4-8 and Table 3 ); hence, the observations and comments listed above pertain to these zones too. This is particularly true for Paleocene and early Eocene zones. The M71 zones, which cannot be defined at Site 865, are discussed in the following.
The base of the Heliolithus riedelii Zone (NP8) cannot be defined, as only one or two specimens of the nominate taxon were observed in sediments at Site 865. We have identified a more common form of Heliolithus, which we have classified as H. cantabriae (see Appendix).
We used the F0 of Nannotetrina fulgens to define the base of the Chiphragmalithus alatus Zone, which was defined in M71 by the FO of the nominate taxon (N. alatd). A complete discussion of this topic is given above under the Nannotetrina quadrata Zone (CPI 3), the base of which has a similar definition.
The base of the Discoaster tanii nodifer Zone (NP 16) is defined by the F0 of Rhabdosphaera gladius, a species that was not observed in sediments from Site 865.
Several zones of M71 differ from those of OB80 in one or more of their boundary definitions. The Discoaster lodoensis Zone (NP 13), the top and base of which are defined by the FO of D. sublodoensis and the LO of T. orthostylus, respectively, appears to be missing as these events coincide in both holes (Table 3 and Fig. 5) .
Chiasmolithus oamaruensis, the F0 of which defines the base of its nominate zone (NP 18), has a short range in Holes 865B and 865C; hence, the determination of the base of this zone is probably fairly precise. The base of the Isthmolithus recurvus Zone (NP19), defined by the FO of the nominate species, which does not occur in tropical locations, cannot be defined. Finally, the base of the Sphenolithus pseudoradians Zone (NP20), also defined by the FO of the nominate taxon, is problematic as this level lies considerably lower than that proposed by M71 (e.g., Perch-Nielsen, 1985) .
Therefore, in conclusion, one of the M71 zones (NP20) and one of the OB 80 subzones (CP8b) cannot be applied, as the basal markers appear well within underlying zones at Site 865. Future application of these zones needs to be tested in other sequences.
DISCUSSION
Application of Secondary Calcareous Nannofossil Biohorizons
Routinely applied Paleogene calcareous nannofossil zonations, M71 and OB80, have been in existence for a number of years. Both of these schemes were derived on the basis of biostratigraphic data from sites distributed over a wide geographic range. Thus, both schemes have proven to be widely applicable in subdividing sequences of this age. OB80 was derived largely on the results of low-latitude areas (Bukry, 1973 (Bukry, , 1975a (Bukry, , 1975b Okada and Bukry, 1980) , whereas M71 had more of a latitudinal range, including sites in temperate regions. Recently, however, recovery of Paleogene sequences in high latitudes, from where no information was available at the time the original zonations were derived, showed that they could not be applied in particular time intervals (e.g., Wise and Wind, 1977; Pospichal and Wise, 1990; Aubry, 1992b) . For this reason, new zonal units were proposed (e.g., Wise, 1983; Wei and Pospichal, 1991) . As discussed above, Site 865 is the first known low-latitude section in which several of the OB 80 and M71 zonal units could not be applied. For example, as a result of the sparsity or absence of certain species of Discoaster and Rhabdosphaera (e.g., D. diastypus and R. gladius), particular lower and middle Eocene zones in both schemes could not be reliably delineated. Reasons for the absence of certain markers are discussed in the following section. We postulate that definition of new zonal units to fit the biostratigraphy of Site 865 is not a good solution for this problem for several reasons. For one, this is a single site, and realistically several sites are required before new zonation schemes can be defined. Furthermore, even if several sites were available to define a new scheme, this would lead to a large amount of confusion in the literature, as the two standard Paleogene schemes have been successfully applied in a range of sites for a number of years.
An alternative to defining new zonal units is to subdivide previous zonal units into formally or informally defined subzones. This rationale has been used in the Cretaceous (e.g., Bralower et al., 1993) . Several of the zonal units in the OB 80 scheme have already been divided into such units. Division of zonal units into subzones is a preferable alternative to defining new zones, as it is possible to maintain internal consistency among widely used zonal units. However, once again, we do not think that such formal stratigraphic units should be defined based on the results of one site. It is far more important at this time to evaluate the biostratigraphic merits of particular biohorizons, to deduce the relative order of all events, and to attempt to determine whether they are closely synchronous or diachronous among sites distributed over a range of latitudes and representing a variety of Oceanographic settings. One of the major reasons for attempting such an ordering of available biohorizons is to increase biostratigraphic resolution. This is particularly important, in sections such as those recovered at Site 865, in which a detailed magnetostratigraphy is unavailable. Current resolution using Paleogene nannofossil biostratigraphy is fairly poor: 1 to 3 m.y. per zone (Moore and Romine, 1981 ). Yet, there are intervals in which rates of evolution and extinction are high (e.g., Haq, 1973) and a large number of events are available for consideration (Table 3 ). Figure 9 shows a plot of the sub-bottom depth of 134 events determined precisely in both Holes 865B and 865C (i.e., excluding other events that have been affected by gaps in coring in one or both holes). This plot illustrates the consistency between the order of all but three events: the LOs of Ellipsolithus distichus, Neochiastozygus perfectus, and Neocrepidolithus sp. The Spearman correlation coefficient between these datums in the two holes is 0.999. The results of our study of Site 865, therefore, provide a basis with which to compare the order of zonal and nonzonal Paleogene biohorizons.
A previous attempt to order numerous secondary marker taxa was made by Hay and Steinmetz (1973) on the basis of the biostratigraphies of 13 upper Paleocene-lower Eocene sequences in California. Highly variable sequences of events were found; however, 11 FOs and 9 LOs were ordered reasonably consistently. Application of this scheme is diminished by significant changes in taxonomic concepts in the last two decades.
The approach of Hay and Steinmetz (1973) was applied to the biostratigraphic results of a single region. In this section, we go one step farther, comparing the order of events at Site 865 with those from other deep-sea sections from a variety of different latitudes. The variability between the order of events will likely increase as sections from a host of regions are considered and as more events are included. To reduce the amount of the latter type of variability, we have analyzed factors that might affect this variability in all available events in our sections, including the following: abundance in Paleogene material in broad terms, taxonomic distinctiveness (i.e., how significantly does that form differ from others), taxonomic uniformity between different workers (i.e., the variability of species concepts between different workers in the field), resistance to dissolution, paleobiogeographic distribution, and known diachroneity between sequences. These factors are compiled for all of the potential biohorizons in Table 5 . Based on these factors, we have selected 72 zonal and nonzonal events that we feel offer the most potential for correlation of distant sites.
The most precise method of determining the synchroneity or diachroneity of biostratigraphic events over broad areas is to use the sequence of magnetostratigraphic polarity zones within sedimentary sequences. This technique is dependent on the ability to identify clearly and correlate the sequence of polarity zones regardless of their biostratigraphic correlations; if biostratigraphic events are required to identify polarity zones in particular sections, this technique can be invalidated by "circular reasoning." The synchroneity/diachroneity of a number of Paleogene nannofossil events has been addressed in this fashion by Wei and Wise (1989) and Wei (1992) , and we refer to the results of these studies in the following.
Where magnetostratigraphy is unavailable, as at Site 865, other approaches have to be used to assess the synchroneity/diachroneity of fossil datums. One such approach is an application of the technique of Shaw (1964) , in which x-y plots of various types of events in two different sequences are used to analyze the sedimentation histories of these two sections. This technique has been widely applied in biostratigraphy. The disadvantage of this technique is that it only indirectly implies synchroneity/diachroneity, whereas magnetostratigraphy provides a more direct line of evidence. An advantage is that this technique also provides evidence about the relative completeness of sedimentary sequences, as it was established to do (Shaw, 1964) . Therefore, in the following, we discuss not only the relative order of nannofossil events in different sequences, but also the implication of the spacing of events on the relative completeness of different sections, especially at Site 865.
A comparison of the meter levels of 72 events with those in 16 other sequences is shown in Table 4 . For this analysis, we have chosen other deep-sea and continental-margin sites in which a detailed calcareous nannofossil biostratigraphy has been conducted and for which range charts including relative abundance data have been compiled. Only one other site in the Pacific was included: DSDP Site 577 on the Shatsky Rise (Monechi, 1985; Backman, 1987) . Four sites in the South Atlantic were considered: DSDP Sites 516 on the Rio Grande Rise (Wei and Wise, 1989) , 523 on the mid-Atlantic Ridge, and 524 on the Walvis Ridge (Percival, 1983) ; and ODP Site 690 on the Maud Rise in the Weddell Sea (Pospichal and Wise, 1990; Wei and Wise, 1990) . Seven North Atlantic sites were included: DSDP Sites 384 (J-Anomaly Ridge) and 386 (Bermuda Rise) (Okada and Thierstein, 1979) ; DSDP Sites 405 and 553 on the Rockall Plateau (Muller, 1979; Backman, 1984) , DSDP Site 549 on the Goban Spur (Muller, 1985) , DSDP Site 605 on the continental margin of the United States off the coast of New Jersey (Applegate and Wise, 1987) , and ODP Site 647 in the Labrador Sea (Firth, 1989) . Data from three Indian Ocean sites were compiled: ODP Sites 738 and 748 on the Kerguelen Plateau (Wei and Thierstein, 1991; Aubry, 1992b) , and ODP Site 762 on the Exmouth Plateau (Siesser and Bralower, 1992) . We have also included two "classic" land sections: the Contessa section in the Umbrian Apennines of Italy (Monechi and Thierstein, 1985) , and a composite section from the California Coast Ranges (Filewicz and Hill, 1983) . These latter sections were the subject of the pioneering study of Bramlette and Sullivan (1961) ; however, using the original references proved to be difficult because of differences in the taxonomic concepts applied in 1961 with those currently used. In all of the sections analyzed, we have excluded events that are (1) based on two or fewer occurrences and (2) clearly out of sequence as a result of taxonomic differences among authors. The sub-bottom depths of the remaining events in the other sites are compared with those in Hole 865B in x-y plots (Fig. 10) . Differences in order among sections may result from a number of factors. These include inaccuracy when determining an event, differences in taxonomic concepts among various workers, and diachroneity of an event in different parts of the ocean. For most sections, including Sites 384, 386, 516, 523, 524, 549, 553, 577, 605, 647, 690, 762 , and the Contessa section, we observed that numerous similarities exist; however, we noted several striking differences in the order of the selected events at Site 865. Other sections, including Sites 405, 738, 748, and the California sections, have a larger proportion of dissimilarities in order. We do not think that an intrinsic difference exists between the two groups of sections; rather, we feel that the latter group represents shorter intervals of the Paleogene in which variability in order is no greater than in intervals within the longer sections. In several cases in both groups, the variability is so great that it is not possible to determine those datums that are consistent with the proposed order at Site 865 and those datums that are not. In other cases, however, the anomalous datums are clearer. In the following, we consider the most likely reasons for these anomalies. The position relative to the proposed correlation line, whether too low (i.e., too old) at the other site or too high (i.e., too young), is indicated.
In seven sections, the most consistent order of events is straightforward. At DSDP Site 577, the relative order of 25 out of 32 (78%) events is similar to Site 865 (Fig. 10A) . Major departures in order include the FOs of Toweius eminens (too low at Site 577), Chiasmolithus grandis (low), and Reticulofenestra dictyoda (too high at Site Table 4 . See text for more detailed discussion. Vertical lines in Figures 10C and 10E result from combination of two sections with different meter intervals. 577); the LO of Cruciplacolithus tenuis (low); and the F0 and LO of T. gammation (low). In DSDP Hole 516F, the relative order of 29 of 38 (76%) events agrees with that in Site 865, assuming the correlation shown (Fig. 10B) . Those events that differ significantly from this correlation include the LO of Heliolithus kleinpellii (high), the FO and LO of C. grandis (both low), the FOs of Discoaster saipanensis (high) and Bramletteius serraculoides (high), the LO of Sphenolithus furcatolithoides (low), and the F0 of Reticulofenestra reticulata (low). At DSDP Sites 523 and 524, 19 out of 25 events (76%) are consistent in order (Fig. 10C) . Disparities include the LOs of Campylosphaera dela, Nannotetrinafulgens, and C. tenuis (all low). In ODP Hole 647, the order of eight out of nine events (89%) is consistent with that at Site 865, with only the F0 of Sphenolithus predistentus (low) differing. In ODP Hole 690B (Fig. 10D) , the relative order of 20 out of 25 events (80%) is similar to that at Site 865. The three events differing most significantly with the correlation proposed include the FO of Reticulofenestra reticulata (high) and the LO of Toweius callosus (too high). Finally, in the Contessa section (Fig.  ION) , 21 out of 32 events (66%) are similar in order to that at Site 865. Obvious disparities include the FOs of D. saipanensis and D. sublodoensis (too high), and the FO of T. gammation (low). All other sections, including those at Sites 386 (Fig. 10E) , 549 (Fig. 10G) , and 762 ( Fig. 10M ) possess intervals in which events are so scattered that it is not possible to determine the most consistent order. In these sections, however, several events clearly differ from the most consistent order. Several datums are disparate at more than one site. The level of the F0 of R. dictyoda may differ significantly, according to the variable taxonomic concepts applied to this species (see Appendix). Determination of the level of Z. bijugatus may also vary as a result of taxonomic factors. Precursor holococcoliths not observed at Site 865 have been included in this species at Site 690 (J. Pospichal, pers. comm., 1993) , for example. Other individual events that are thought to vary as a result of taxonomic disparities include the FOs of B. serraculoides, D. saipanensis, D. lodoensis, and T. gammation. Discussions of the suspected taxonomic differences are given in the Appendix. Further examination with uniform taxonomic concepts should resolve these disparities.
The significant difference in the relative position of the FO and LO of C. grandis and R. reticulata in Site 865 from that at other sections is not the result of taxonomic factors, but more likely the result of diachroneity caused by paleobiogeographic factors in these events. The former event is known to be diachronous by up to 1.5 m.y. in low-latitude and temperate sites (Wei and Wise, 1989) . The latter event is thought to be a synchronous marker at mid-latitude sites (Wei and Wise, 1989) , but the evidence presented here suggests that it may be diachronous between mid and low latitudes.
Our analysis indicated several interesting conclusions. The first is that correlation among different Paleogene sequences appears to be limited as much by taxonomic as by paleobiogeographic factors. The major departures from predicted order are dominantly FOs and LOs of species with taxonomic problems. On the other hand, consistency in the order of numerous events between Sites 865 and 690 suggests that many datums have the potential for correlation between low and high latitudes. An in-depth discussion of individual middle EoceneOligocene markers is presented in Wei and Wise (1992) .
An important conclusion can be made regarding the stratigraphy of the section recovered at Site 865. The plots illustrated in Figure 10 show that the sedimentary sequence at Site 865 is as complete, if not more so, than any other section included in this analysis. In other words, the spread of the 72 datums representing approximately 25 m.y. through 130 m at Site 865 indicates that sedimentation was fairly continuous through time. As discussed previously, an exception to this is the unconformity correlating to Zone NP 13 between 79 and 80 mbsf in both holes. This unconformity cannot be detected in Figure  10 because of the scale of the plots. However, we note that most other sequences are far more expanded in the interval correlating to 65-85 mbsf in Hole 865B. The concentration of datums at particular levels in other sections indicates that they are characterized by significant condensed intervals and/or unconformities. Examples include the 72-74 mbsf interval at Site 577 ( Fig. 10A : lower Eocene), the 900-910 mbsf interval in Hole 516F (Fig 10B: upper Paleocenelower Eocene), the 134-137 mbsf interval in Hole 690B (Fig. 10D : lower Eocene), the 577-579 mbsf interval at Site 386 (Fig 10E: upper Paleocene-lower Eocene), the 550-560 mbsf interval at Site 605 ( Fig. 101: upper Paleocene), the 292-297 mbsf interval in Hole 762C (Fig. 10M : middle Eocene), and the 38-39 meter interval at Contessa ( Fig. ION: upper Paleocene-lower Eocene). The absence of clustering of any group of datums at Site 865 relative to other sections (Fig. 10) suggests that no significant condensed intervals or unconformities occur in this section, even though the sedimentation rates are modest by comparison with those at several of the other sites (e.g., Sites 516 and 605). We have already discussed evidence for minor unconformities in Hole 865B in the uppermost lower Eocene and at the Eocene/Oligocene boundary. We present data suggesting a possible minor unconformity in the uppermost Paleocene below.
The application of many of these previously unapplied secondary nannofossil biohorizons to Paleogene biostratigraphy and biochronology is promising. Using the scheme derived here, significantly higher resolution biostratigraphy is feasible; however, the order of events needs to be tested in other sequences. The main disadvantage of this approach is that precise determination of many of the events is time consuming.
Detection of Reworking in Site 865
The sedimentology of the Paleogene sequence at Site 865 indicates that winnowing of sediments on the seafloor is likely. The high relative abundance of planktonic foraminifers relative to finer particles, such as nannofossils and clay, suggests enrichment of coarse particles by bottom currents as lag deposits and removal of the fine fraction. The question is whether any reworking can be observed in the calcareous nannofossil biostratigraphy. Indeed, one classic Paleogene section at Site 690 on the Maud Rise has noticeable reworking of Paleocene fasciculiths into the Eocene sediments (Pospichal and Wise, 1990 ). This reworking also was observed at Site 762 (Siesser and Bralower, 1992) .
To determine confidently the presence of reworking, the occurrence of a taxon outside of its true range must be established. This is not a simple problem. One method is to tabulate the range of all species (e.g., Table 3 ) and to observe differences in the order of events from those in other sites. As discussed in detail above, this is not a straightforward approach, as the order of many Paleogene events has not been determined conclusively. In general, it appears that the most significant departures in the order of the events determined at Site 865 from that compiled elsewhere (e.g., Perch-Nielsen, 1985; see Table 5 ) result from disparities in taxonomic concepts.
A second method for establishing reworking is to observe the distribution of a group of common nannofossils in the section above their true extinction level, as established by Pospichal and Wise (1990) in the Eocene section at Site 690. Interestingly, we observed almost no obvious evidence of such reworking in the Paleogene section at Site 865. We observed only one or two specimens of Fasciculithus in the lower Eocene section in both holes, and no cases of Toweius spp., Prinsius spp., or of such common species as Discoaster multiradiatus above their ranges. Possible exceptions are the few specimens of Chiasmolithus grandis and Nannotetrina fulgens observed in upper Eocene and lower Oligocene sediments (Zones CP 15 and 16) in Hole 865C (Sections 143-865C-3H-4 to -4H-1) several meters above their LO levels. However, in the cases of C. grandis, N. fulgens, and Fasciculithus, the number of specimens was so low that these occurrences could just as likely have resulted from contamination during sample handling as from reworking. More noticeable reworking has been observed in the planktonic foraminifer biostratigraphy of Hole 865B (I. Premoli Silva and W. Sliter, pers. comm., 1993).
We observed far more common evidence of downhole contamination compared to documented evidence of reworking, which we infer to have taken place during handling of the cores. Treatment of the cores during splitting was difficult as a result of their high water content, and it is possible that the saw blade contributed to some downhole contamination. To avoid this, we cleaned the top of all plug samples with a toothpick; however, in a handful of samples in each hole, we still observed an unmistakable, but infinitesimally small fraction (one or two specimens per slide), of nannofossils from higher up in the hole. The most noticeable cases of this contamination are specimens of Chiasmolithus grandis, Discoaster tanii, Sphenolithus furcatolithoides, Reticulofenestra dictyoda, and Triquetrorhabdulus inversus in lower Eocene sediments several tens of meters below their true FOs. Such downhole contamination is particularly noticeable at the tops of cores, particularly in Sections 143-865B-10H-1 and -12H-1. We suggest that the tops of cores had higher water contents when recovered and that some downhole fluid flow may have transported these younger nannofossils. Evidence for the mechanism of contamination is that more out-of-place specimens were observed in samples prepared using toothpicks. We postulate that these samples were taken closer to the surface of the section where downhole contamination by the saw blade was greater. Even so, the number of the nannofossils suggests that this mechanism is insignificant.
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fers and calcareous nannofossils have been affected by overgrowth and etching to a similar degree. Planktonic foraminifers are, if anything, slightly more susceptible to diagenetic alteration than are calcareous nannofossils (e.g., Schlanger and Douglas, 1974) . In Paleogene sediments from Site 865, however, nannofossils tended to be affected by a minor amount of etching and a significant amount of overgrowth, whereas planktonic foraminifers generally were in nearly pristine condition.
Correlation with Planktonic Foraminifer Biostratigraphy
Currently applied Paleogene planktonic foraminifer zonations are the culmination of several decades of study (e.g., Berggren, 1969; Blow, 1979; Berggren and Miller, 1988; Berggren et al., in press) . Correlation between these zonations and those of calcareous nannoplankton, however, are less well known. As discussed by Berggren et al. (1985) , such correlations have been established only in a few sites. Many deep-sea sequences either are poorly recovered or are known to be incomplete. Shelf sections commonly suffer from the latter problem (e.g., Aubry et al., 1988) . Some of the most complete sequences are in high-latitude areas, where standard markers of one or both groups are not present (e.g., Pospichal and Wise, 1990; Stott and Kennett, 1990; Aubry, 1992b) . Several DSDP/ODP sections were subjected to only preliminary shipboard investigations and have not been subsequently studied in detail. Because the Paleogene sequence at Site 865 is largely complete, such correlations should be without the stratigraphic problems that affect these correlations in other sections, even though biostratigraphic problems do exist.
Preliminary planktonic foraminifer biostratigraphy has been conducted on Hole 865B by I. Premoli Silva and W. Sliter (pers. comm., Sliter (pers. comm., 1993) . Zonation applied is the scheme of Berggren and Miller (1988) . Long dashed zonal boundaries show those determined indirectly using secondary markers; short boundaries are based upon tentative identifications of species of Tribrachiatus. Bold lines show positions of known unconformities.
1993). These authors paid close attention to zonal boundaries that were determined with precision (Fig. 11) . Several upper Paleocene to middle Eocene planktonic foraminifer zones could not be determined directly, as boundary markers were rare or absent. The boundaries of these zones have been established using the ranges of secondary markers that have been correlated to the markers at other sites. The zones that have been identified based on secondary markers include the base of upper Paleocene Zone P4, the base of upper Paleocene Zone P5, the base of middle Eocene Zone P10, and the base of middle Eocene Zone PU. In general, the correlation of both the Martini (1971) and Bukry (1973 Bukry ( , 1975b nannofossil zones determined in this investigation with the planktonic foraminifer zones of Berggren and Miller (1988) in Hole 865B are similar to those shown in the Paleogene chronostratigraphy of Berggren et al. (1985) (Fig. 11) . In this section, we discuss reasons for the differences, which are concentrated in the lower and middle Eocene. There are five disparities.
1. The base of nannofossil Subzone CPI 3b, which is based on the F0 of C. gigas, correlates to foraminifer Zone P10 in Hole 865B, but to PI 1 in Berggren et al. (1985) . Three possible explanations exist for this disparity: (1) we have included in C. gigas a morphotype that occurs in the early part of its range, and this morphotype, which bears a small cross, has not been previously described (see Appendix for discussion); hence, it is possible that the range given here for C. gigas is longer than that established in other sequences; (2) the F0 of C. gigas is diachronous, as established by Wei and Wise (1989); and (3) the boundary between Zones P10 and PU has been determined indirectly (i.e., not with the original zonal marker), and it is possible that the secondary marker does not provide a precise determination of this zonal boundary.
2. The bases of Zones CP13 and NP15 correlate with Zone P9 in Hole 865B, but with P10 in Berggren et al. (1985) . We think that the correlation of Berggren et al. (1985) is probably more accurate, as the range of markers of these nannofossil zones may be different at Site 865 than it is elsewhere (see discussion of Nannotetrina fulgens and Rhabdosphaera inflata in Zones CPI 2 and CP 13 above).
3. The base of Zones CP9 and NP 10 correlates to Zone P5 in Hole 865B, but to the boundary between Subzones P6a and P6b (subzonal definitions of Berggren and Miller (1988) (Paleocene/Eocene boundary) in Berggren et al. (1985) . A similar correlation to that established at Site 865 had been previously proposed by Aubry et al. (1988) and Berggren and Aubry (in press) (see discussion below).
4. The base of Zones CP5 and NP6, defined by the F0 of Heliolithus kleinpellii, correlates to the lower part of Subzone P4 in Hole 865B, but just below this level in Subzone P3b in Berggren et al. (1985) . This minor difference may result from incomplete recovery at the base of Core 143-865B-14H (Fig. 11) or the use of a secondary foraminifer marker. Alternatively, the F0 of H. kleinpellii is thought to be diachronous (Wei and Wise, 1989) .
5. The base of Zones CP4 and NP5, defined by the F0 of Fasciculithus tympaniformis, lies in Subzone P3b in Hole 865B, but between Subzones P3a and P3b in Berggren et al. (1985) . We have no possible explanations for this minor discrepancy.
Implications for Sedimentation History and Rate
The most important stratigraphic questions to be addressed are 1. Is the Paleogene section recovered at Site 865 complete? 2. What were the sedimentation rates compared to other Paleogene sections that have been the subject of paleoceanographic investigations?
It is much more difficult to establish that a section is complete than it is to determine hiatuses in sedimentation. One method to compare both completeness and rates of sedimentation relative to other sites is to plot the meter levels of the same events in two sections, as described by Shaw (1964) . Figure 10 shows plots of the meter levels of numerous events in Hole 865B and various other Paleogene sequences. The fact that few "clusters" of events correspond to significant stratigraphic intervals in these other sections suggests, in general, that the Paleogene section as a whole at Site 865 appears to be as complete as any other section yet recovered. An exception to this is the unconformity correlating to Zone NP 13 in the uppermost lower Eocene (Fig. 5) . It is clear that many other Paleogene sedimentary sequences, particularly those from continental margins, were characterized by far higher overall sedimentation rates.
To calculate sedimentation rates, we used the ages of nannofossil zonal events that were provided by Berggren et al. (1985) and updated by Wei and Wise (1989) . A plot of sedimentation rate through the Paleogene in Hole 865B is illustrated in Figure 12 . This shows that moderate rates (3-8 m/m.y.) persisted throughout the late Paleocene and early Eocene. A brief interval in the late early Eocene and early middle Eocene (e.g., Zones NP13-NP14 or Zones CP11-CP12) was characterized by a hiatus or slower sedimentation rates (0-1.5 m/m.y.). Moderate sedimentation rates resumed in the middle and early part of the late Eocene. An interval of slow sedimentation (0.2 m/m.y.) occurred in the late Eocene between 37 and 40 Ma.
Calcareous Nannofossils and Paleocene/Eocene Boundary Events
A great amount of attention has been directed at paleoceanographic events surrounding the Paleocene/Eocene boundary. This interval is associated with a rapid warming of high-latitude surface waters and deep waters from all different locations and extinction of a variety of different epifaunal benthic foraminifers accompanied by a marked excursion in the carbon isotopic record (e.g., Tjalsma and Lohmann, 1983; Shackleton, 1986; Kennett and Stott, 1991) . All of these events have also been recognized in Holes 865B and 865C (Bralower et al., unpubl. data) . Because of the considerable interest in this time period, it is essential to correlate biostratigraphic events, both nannofossil and planktonic foraminifer, in a number of different sections precisely.
The exact definition of the Paleocene/Eocene boundary has been somewhat controversial. This complicated issue has been discussed in detail by Aubry et al. (1986 Aubry et al. ( ,1988 , Berggren et al. (1985, in press) , and Berggren and Aubry (in press ). In the deep sea, the Paleocene/Eocene boundary has traditionally been placed at the LO of the planktonic foraminifer Morozovella velascoensis, which defines the boundary between Subzones P6a and P6b (Berggren and Miller, 1988) . In terms of nannofossil zones, this boundary has, until recently, been placed between Zones NP9 and NP10 (e.g., Martini, 1971) . Based on combined lithostratigraphy/biostratigraphy in stratotype and parastratotype sequences in northwestern Europe, Aubry et al. (1988) suggested that the Paleocene/Eocene boundary be raised above its traditional placement to within Zone NP 10.
In Site 865, the LO of M. velascoensis lies between Samples 143-865B-11H-5, 130-132 cm (101.30 mbsf), and -11H-5, 50-52 cm (100.50 mbsf), and between Samples 143-865C-12H-1, 111-113 cm (99.42 mbsf), and -11H-5, 130-132 cm (96.10 mbsf) ( Fig. 11 ; I. Premoli Silva and W. Sliter, pers. comm., 1993) . The late Paleocene benthic extinction event lies several meters below this in most sites, including both Holes 865B and 865C (between 103.5 and 103.6 mbsf in Hole 865B, and between 102.9 and 103.0 mbsf in Hole 865C; Bralower et al., unpubl. data) . As discussed previously, the most distinctive nannofossil event in this interval is the LO of a dominant group of Paleocene nannoliths, the fasciculiths. This group occurs in all of the apparently complete Paleocene/Eocene boundary sequences and is common to abundant, so its extinction is a recognizable event that can be precisely determined.
The sequence of nannofossil events close to the Paleocene/Eocene boundary is shown in Figure 7 . A drastic reduction in abundance of the fasciculiths occurs between Samples 143-865B-12H-1, 4-6 cm CALCAREOUS NANNOFOSSIL BIOSTRATIGRAPHY (SITE 865) 10 50 Age (Ma) Figure 12 . Plot of sedimentation rate through time in Hole 865B as indicated by nannofossil biostratigraphy. Absolute ages of events are taken from Berggren et al. (1985) as updated by Wei and Wise (1989) .
(103.54 mbsf), and -11H-CC, 2-3 cm (102.50 mbsf), and between 143-865C-12H-4, 50-52 cm (103.30 mbsf), and -12H-4, 20-22 cm (102.90 mbsf). The final extinction of this species occurs in Samples 143-865B-llH-6,70-72 cm (102.20 mbsf), and 143-865C-12H-2, 110-112 cm (100.90 mbsf), although occurrences above the dramatic reduction in abundance are possibly reworked. The dramatic reduction of this genus correlates almost exactly with the carbon isotopic excursion, a correlation that has not been previously recognized. Other nannofossil events in the boundary interval (Fig. 7) include the LOs of Cruciplacolithus tennis and Discoaster mohleri and the FOs of Zygrhablithus bijugatus, Chiasmolithus eograndis, and possible specimens of Tribrachiatus bramlettei.
The nearest site with which to compare the order of these events is Site 577. Here, the LO of M. velascoensis has been placed at Sample 577-9-6,135 cm (82.25 mbsf) (D. Pak, pers. comm., 1993) , which is consistent with the biostratigraphy of Miller et al. (1987) . In this site, the reduction in the abundance of the fasciculiths occurs between Sample 577-10-1, 36-37 cm (83.16 mbsf), and 577-9-CC, 8-9 cm (82.28 mbsf) with the final extinction of this group lying between 577-9-6, 120-121 cm (82.10 mbsf), and 577-9-6, 92-94 cm (81.82 mbsf) (Monechi, 1985 ; and our own observations). Thus, in both Sites 577 and 865, the decrease in relative abundance of the fasciculiths occurs below the LO of M. velascoensis, but the relative position of the LO of the fasciculiths lies below this event in Site 865, but not in Site 577. We tentatively explain this difference as a result of minor reworking of the fine fraction in Site 577. Because the boundary interval in this site is so condensed, the order of these events appears to have been reversed by minor reworking, or by normal bioturbation.
Identification of the Paleocene/Eocene boundary using calcareous nannofossil biostratigraphy is difficult. Originally, two events, the FOs of Discoaster diastypus and T. bramlettei, were used to locate this boundary (e.g., see discussion in Martini, 1971; Aubry, 1983; Perch-Nielsen, 1985) . Considerable overgrowth prevents confident identification of D. diastypus and T. bramlettei in Site 865 material. The latter species has been tentatively identified (see Appendix for full discussion). If its range is accurate, then the original nannofossil definition of the Paleocene/Eocene boundary (e.g., Martini, 1971) lies somewhat below the foraminifer definition. The F0 of the form that we have identified as T. bramlettei lies between 102.20 and 102.50 mbsf in Hole 865B (between Sample 143-865B-llH-6,70cm, and -11H-CC, 2 cm) and between 102.68 and 103.00 mbsf in Hole 865C (between Sample 143-865C-12H-3, 138 cm, and -12H-4, 20 cm). The LO of M. velascoensis (boundary between planktonic foraminifer Subzones P6a and P6b of Berggren and Miller [1988] ) lies between 101.30 and 100.50 mbsf in Hole 865B and between 99.42 and 96.10 mbsf in Hole 865C. Therefore, placement of the Paleocene/Eocene boundary within nannofossil Zone NP 10 at Site 865 (Fig. 11) is consistent with the conclusion of Aubry et al. (1988) .
Few other sections exist with which to compare this order. Morozovella velascoensis is a low-latitude taxon that has only rarely been observed in high-latitude sites (e.g., Stott and Kennett, 1990) . Conversely, where the range of this foraminifer has been established, that of T. bramlettei is often restricted. At Site 577, for example, T. bramlettei was not positively identified (Monechi, 1985) . At this latter site, however, the F0 of common D. diastypus lies over 1 m above the LO of M. velascoensis (Monechi, 1985; Miller et al., 1987) . At Site 690, the FO of T. bramlettei and the LO of the fasciculiths lie 21 and 23 meters above the level of the benthic extinction and carbon isotopic shift, respectively (Pospichal and Wise, 1990; Thomas, 1990; Kennett and Stott, 1991) . At Site 865, however, these events almost overlap. Although the potential for reworking is present at Site 690 (e.g., Pospichal and Wise, 1990) , which could have raised the level of the LO of the fasciculiths, this cannot explain the 21-m gap between the FO of T. bramlettei and the benthic extinction. These events apparently lie within 1 m at Site 865, indicating the possibility of a minor unconformity right above the benthic extinction level. Alternatively, the possibility exists that major differences occur in the relative ranges of taxa between high and low latitudes. This topic will need further rigorous investigation.
Obviously, our knowledge of the biostratigraphy of the Paleocene/ Eocene boundary interval in the deep sea will benefit greatly from the recovery of additional sequences that possess standard nannofossil and planktonic foraminifer marker taxa.
CONCLUSIONS
A relatively expanded and largely complete upper Paleocene to lower Oligocene sequence was recovered from the pelagic cap overlying Allison Guyot, Mid-Pacific Mountains. Calcareous nannofossils are moderately well preserved and diverse throughout the sequence recovered, which extends from nannofossil Zones CP3 to CP 16. Most traditional zonal markers are present; however, the rarity of several of them, particularly discoasters, and the overgrowth of others, including species of Tribrachiatus, in the uppermost Paleocene and lower Eocene sections makes zonal subdivision of part of this sequence difficult. Currently, unobserved gradational forms in nannofossil lineages indicate that parts of this sequence are more expanded than any other yet recovered.
Considerable attention has been paid to establishing the precise range of nonzonal biohorizons that can be determined in this section. About 142 zonal and nonzonal events were determined in the Paleogene section. Although these events are spread out fairly evenly throughout the section, some of the most dramatic turnovers can be observed in the boundary and early Eocene interval. Establishment of these biohorizons provides promise for future high-resolution Paleogene biostratigraphic studies.
Comparison with other sites suggests that sedimentation was continuous throughout the Paleogene at Site 865; however, sedimentation rate calculations indicate an interval of nondeposition interspersed with slow sedimentation in the late early and early middle Eocene. Identification of the Paleocene/Eocene boundary using nannofossil biostratigraphy proved to be impossible as no distinctive nannofossil events correlate with the LO of the planktonic foraminifer, Morozovella velascoensis, which has been used commonly to define this boundary in the deep sea. This boundary appears to lie within nannofossil Zone NP10 as suggested by Aubry et al. (1988) .
Remarks. This form was differentiated by its fairly bright inner cycle, which has a smooth edge and a rounded central area. An etched T. eminens has a slightly rougher edge and a less birefringent inner cycle. It was difficult to differentiate these two species consistently in Site 865 because variable etching of the central area resulted in considerable gradation between these two forms. The F0 of T. callosus, therefore, might be farther downhole than shown.
Toweius eminens (Bramlette and Sullivan, 1961) Perch-Nielsen, 1971 (PI. 9, Figs. 13-16; PL 14, Figs. 1-3) Remarks. It was difficult to differentiate this species from T. occultatus and T. pertusus when etched (see range of forms in PI. 14, Figs. 1-3) .
Toweius gammation Romein, 1979 (PI. 9, Figs. 21-22) Toweius occultatus (Locker, 1967 ) Perch-Nielsen, 1971 ) Remarks. Several samples in the lower Eocene possess the characteristic two "bars" of T. occultatus. However, we also observed a complete variety of gradations between this morphology and that of T. eminens, including wellpreserved specimens of T. eminens in which the bars parallel to the short axis are wider than those parallel to the long axis (PI. 9, Figs. 15-16 ; PI. 14, Figs.  1-2) . Clearly, these gradations of one form were caused by etching. Although we do not think that T. occultatus is a true species, we have indicated the range of these morphologies in Tables 1 and 2 .
Toweius pertusus (Sullivan, 1965) (PI. 9, Figs 
Tribrachiatus
Remarks. This genus is susceptible to overgrowth, which radically changes its form (e.g., Hekel, 1968) . We observed only two specimens (both of T. orthostylus) that were not overgrown. The triangular shape of overgrown specimens of T. orthostylus has been observed quite commonly. We subdivided overgrown specimens of two other species of this genus, T. bramlettei and T. contortus, on somewhat theoretical grounds. A perfectly overgrown specimen of T. bramlettei should have a hexagonal shape, and numerous such forms were observed in the lower Eocene of Site 865. Overgrown T. contortus should have a form intermediate between hexagonal and triangular: that is, a hexagon with alternating long and short sides. A clear evolution was observed among the three forms described, beginning with hexagonal and ending with triangular.
The relative ranges of these different forms with other markers match those proposed for the three species of Tribrachiatus (Perch-Nielsen, 1985 ) (e.g., Table 5 ). However, because of the absence of conclusive evidence of original shape, particularly for the older two species, the biostratigraphic application of these species has been somewhat cautious. Only low birefringence specimens (first-order gray and white) were included in Tribrachiatus. There is a possibility that we have mistaken the forms described above for species of Rhombaster (such as R. cuspis).
Tribrachiatus bramlettei? (Brönnimann and Stradner, 1960) Proto Decima et al., 1975 (PL 12 , Fig. 1) Remarks. See comments above.
Tribrachiatus contortus? (Stradner, 1963 ) Bukry, 1972 (PL 12, Fig. 2) Remarks. See comments above.
Tribrachiatus orthostylus Shamrai, 1963 (PL 12, Figs. 3-4) Remarks. See comments above.
Triquetrorhabdulus inversus (PL 12, Zygodiscus adamas Bramlette and Sullivan, 1961 (PL 10, Figs. 3-6) Remarks. Infilling of the central area prevented use of the size of the openings to differentiate species, as used by Perch-Nielsen (1985) . The only reliable feature to use in our material was the shape of the bridge. This is diamond-shaped in Z. adamas and rectangular in Z. bramlettei. Owing to pervasive overgrowth, we combined Z. herlynii with Z. adamas. Several specimens observed near the Paleocene/Eocene boundary have minute (<0.5 µm wide) bridges. Perch-Nielsen, 1981 (PL 10, Figs. 7-10) Remarks. See comments for Z. adamas.
Zygodiscus bramlettei
Zygrhablithus bijugatus (Deflandre in Deflandre and Fert, 1954) Deflandre, 1959 (PL 12, Figs. 9-12) Remarks. This species was somewhat difficult to differentiate from Fasciculithus tympaniformis in the uppermost Paleocene because the shape of these two taxa was similar in this interval (e.g., PL 12, Figs. 9-10). The two segments of Z. bijugatus are crystallographically disconnected and thus are extinct at different angles in cross-polarized light.
